abstract. No study has compared sling exercise training with elastic band resistance training in healthy older adults. Therefore, the purpose of this study was to determine whether different effects on functional mobility, strength and balance ability were produced by using different devices (sling trainer and elastic bands). Twenty-four participants were assigned to two different training groups, INT (TRX-OldAge) and CON (elastic bands). Participants trained three times per week for 30 minutes for 12 weeks. The Multisurface Obstacle Test for Older Adults (MSOT) and the 1-repetition maximum test using the chest press and the leg press were performed to assess functional mobility and dynamic strength, respectively. To examine balance ability, data of body-worn sensors and a force plate measured during different standing positions have been investigated. A main time effect occurred for functional mobility (p = 0.009) with a significant improvement within INT (p = 0.044), and for the chest press (p = 0.017) with a significant improvement within INT (p = 0.019). However, there was no group-by-time interaction in any of the measured parameters. Compared to elastic band resistance training, TRX-OldAge induced similar effects on the functional mobility, strength and balance ability of healthy older adults.
Introduction
The aging process leads to a reduction in the number of motor units and the number and size of muscle fibres, frequently resulting in a loss of strength, balance and mobility (Vandervoort, 2002) . However, several previous studies demonstrated positive effects of resistance training on these important resources of older adults (Barnett, Smith, Lord, Williams, Baumand, 2003; Clemson et al., 2012; Irez, Ozdemir, Evin, Irez, Korkusuz, 2011; Kaesler, Mellifont, Kelly, Taaffe, 2007; Krebs, Scarborough, McGibbon, 2007; Taylor et al., 2012) . For fall prevention in particular, Training was separated into four periods (see Figure 1 ) with different configurations of training control. A professional instructor supervised every training session. At the beginning of each session, a brief warm-up phase, which consisted of walking and mobility exercises (knee lift, heel-to-toe walk, shoulder rotation etc.), was implemented. In a cool-down phase at the end of a session participants executed stretching exercises. Subsequently to the warm-up phase, participants of INT followed the original prescription and order of the TRX--OldAge programme (Gaedtke, Morat, 2015) . Between each set, they had a rest of 90 seconds. The intensity and number of repetitions were enhanced as soon as the participant reached two more repetitions in the last set of an exercise in two consecutive training sessions. Firstly, the number of repetitions was increased from eight to ten and from ten to twelve. After completing twelve repetitions, training intensity was raised. The progress in intensity was implemented by different exercise versions and settings (Gaedtke, Morat, 2015) .
For CON, the load was defined by band colours and their depending resistance. Version A of an exercise means to train with the yellow and red elastic bands, version B was based on the green and blue bands, while version C included the black, silver and gold bands. Further settings for CON were realized as follows: band position on extremities or band folding (single-layer, twofold). During training, the participants were asked to rate their individual exertion after each set of an exercise on the OMNI-RES scale (Robertson et al., 2003) . Exertion values of six to eight were classified as optimal. If the exertion was lower than the optimal range, intensity was increased in the next session.
Outcomes
The primary outcomes were the functional mobility, dynamic maximum lower-body strength, upper-body strength (1 RM) and balance ability. Physical activity and body weight were secondary outcomes.
Following a five-minute warm-up period of ergometer cycling with 1 watt per kg body weight, two researchers carried out the assessment.
Functional mobility was assessed using the Multisurface Obstacle Test (MSOT; Morat, Kroeger, Mechling, 2013) . Within the MSOT, participants have to walk an 8-metre track with different obstacles and uneven surfaces. After three familiarization trials without the MSOT, participants had to complete three trials with their habitual gait speed (Morat et al., 2013) . The best walking time (sec.) of these three trials on the MSOT was analysed.
One repetition maximum (1 RM) for the upper body and lower body was assessed by using the Ergo-Fit Chest Press 4000 and the Ergo-Fit Leg Press 4000 (Pirmasens, Germany), respectively. Both devices were adjusted for each participant. An 80-degree knee angle was defined as the initial position for the leg press. For the chest press, a 60-degree angle between trunk and abducted upper arm was used. After a familiarization set to the lowest possible intensity (lightest weight), 10-15 repetitions, and a following one-minute rest period, the researcher started the 1 RM testing procedure. In the first set, a load for three to five repetitions to fatigue was used. Subsequent to this, a two-minute rest period was conducted. For a maximum of four additional sets, a near-maximum load was estimated until 1 RM was achieved. If a single repetition failed, the load was reduced by 2.5% to 5% for the chest press and by 5% to 10% for the leg press. On the other hand, intensity was increased if the participant performed more than one repetition correctly (Spring, Franklin, de Jong, 2010) . During the two-minute rest period between the sets, participants rated their individual exertion on the OMNI-RES scale (Robertson et al. 2003) . If the 1 RM was not reached until the final set (after 1 familiarization set, 1 set of maximum 3-5 repetitions and a maximum of 4 additional sets of maximum 2-3 repetitions), participants should perform as many repetitions as possible. Based on this number of repetitions, the hypothetical 1 RM was estimated (Giessing, 2003) . Both 1 RM upper-body and lower-body strength were measured in kilograms (kg).
Balance ability was measured on a Kistler force plate (type 9287B, Winterthur, Switzerland) with a frequency of 200 Hz with BioWare Software (version 4.0.x, type 2812A) and six APDM sensors (Portland, Oregon, USA). The six APDM movement sensors were attached to the followings positions: instep (left and right foot), tibia right above the ankles (left and right foot), lumbar spine and sternum (see Figure 2) . figure 2. Movement sensor positions for balance ability measurement Participants were instructed to stand as still as possible in the following standing positions on the force plate without (X) and with (A), an Airex Balance Pad: 1) closed-leg stance (CS); 2) tandem stance with the left foot forward (TS); 3) tandem stance with the right foot forward (TS); 4) single-leg stance on the dominant leg (SS_do); 5) singleleg stance on the not dominant leg (SS_ndo). One shoeless trial for each stance was executed with a maximum duration of 30 seconds (see Figure 3) . If the maximum duration was reached or the participant lost their balance, time and data recording was stopped by the researcher. Analysis included root mean square (RMS) values of the lumbar spine sensor acceleration (ACC, measured in m/s²) for medio-lateral (ML) and anterior-posterior (AP) direction, RMS values of the force plate force (FOR, measured in N) for ML and AP direction and centre of pressure (COP) velocity (COP_TRA, measured in mm/s). In respect of the tandem stance with the left and right foot forward, both standing positions were summarized together by generating a mean. Beyond that, the single-leg stance was discriminated between standing on the dominant (do) and not dominant leg (ndo). For balance ability, values were revised from analysis if the participant was not able to stand for at least ten seconds. Physical activity was measured with the German-Physical Activity Questionnaire-50+ (German-PAQ-50+, Huy, Schneider, 2008) . Its items investigate the time per week spent on different activities. By summing up the five categories (housework, gardening, leisure time, sports and profession) and multiplying the time spent with metabolic rate values (Ainsworth et al., 2000) a total energy consumption per week can be generated (measured in kcal per week). A further secondary outcome was body weight (measured in kg).
Statistical methods
Statistical analysis was conducted using IBM SPSS Statistics for Windows (version 22, IBM, Armonk, New York, USA). The level of significance was set at α = .05. Boxplots of the different ∆-variables (T2-T1) indicated extreme outliers. If they were three times as large as the interquartile range, they were excluded from further analysis. A two-way repeated measures ANOVA (with the factors group and time) was executed. The Bonferroni post hoc test located specific differences afterwards. In the case of the preconditions of ANOVA not being fulfilled, the Friedman test or Kruskal-Wallis test were used instead. G*Power software 3.1 (Faul, Erdfelder, Lang, Buchner, 2007) was used to calculate effect sizes and power for each test. For this, effect size was determined with partial η² values of the two-way repeated measures ANOVA for the relevant tests.
results
A total of 22 healthy older adults, 17 males and 5 females completed the study (see Figure 4 ). The following diseases were present: hypertension adjusted by a physician (n = 11), type 2 diabetes (n = 4), rheumatoid arthritis (n = 1), scoliosis (n = 2), herniated disc more than 10 years ago (n = 3), elevated blood cholesterol level (n = 1), Bechterew's disease (n = 1), asthma (n = 1), tetraparesis (n = 1). Total training compliance was 81 ±11% with 85 ±10% for INT and 77 ±11% for CON. Baseline data is shown in Table 1 . There were no significant group differences at T1. In respect of 1 RM upper-body strength, analysis showed no significant group-by-time interaction (F(1, 18) = 0.709, p = 0.411, η² par = 0.038). The main time effect (F(1, 18) = 6.914, p = 0.017, η² par = 0.278) reached statistical significance. Post hoc analysis revealed a significant improvement of upper-body strength within INT of about 9% (p = 0.019), whereas the 5% improvement of CON did not reach statistical significance (p = 0.244). The main group effect (F(1, 18) = 0.352, p = 0.560, η² par = 0.019) was not significant (see Table 2 ). For CSX_RMS_ACC_AP, no significant time effect is present (χ 2 (1) = 0.727, p = 0.523, w = 0.182).
At T1 a significant group difference exists (χ 2 (1) = 4.554, p = 0.033, w = 0.455) that could not be found at T2 I and Table 3 ).
With the exception of TSA_RMS_ACC_ML, no balance variables on the Airex Balance Pad showed any significant group-by-time interactions; main time effect and main group effect (see Appendix II). TSA_RMS_ACC_ ML analysis revealed no significant group-by-time interaction (F(1, 7) = 0.117, p = 0.743, η² par = 0.016) and no main time effect (F(1, 7) = 0.555, p = 0.481, η² par = 0.073). Only group effect reached significance level (F(1, 7) = 5.965, p = 0.045, η² par = 0.460), but post hoc analysis demonstrated no group differences for T1 or T2 (see Table 4 ). INT = intervention group (TRX-OldAge); CON = control group (elastic band resistance training); n = sample size; M = mean; SD = standard deviation; CI = confidence interval; CSX = closed-leg stance; TSX = tandem stance; SSX = single-leg stance; RMS = root mean square; ACC = lumbar spine sensor acceleration; FOR = force plate force; ML = medio-lateral direction; AP = anterior-posterior direction; DO = dominant leg; NDO = not dominant leg; COP = centre of pressure; TRA = velocity; *p < 0.05 significant difference in comparison to T1. 
Discussion
Functional mobility, measured with the MSOT walking with normal (habitual) gait speed, improved significantly by about 5% in the TRX-OldAge training group. Despite different measurement methods (MSOT and TUG), this result is consistent with previous studies, which documented functional mobility improvements of 5% to 26% for older adults Schroeder et al., 2014) .
For upper-body strength, our results are in line with reports of previous studies that could not prove significant group-by-time interactions between sling exercise training and another exercise programme (Dannelly et al., 2011; Prokopy et al., 2008) . On the other hand, Bae et al. (2014) demonstrated significant leg strength improvements of 77% after six weeks of sling training. The main difference between Bae et al. (2014) and our study is that they measured muscle strength isometrically and in older patients with total knee replacement. For younger adults, sling training induced leg strength improvements ranging from 13% to 27% (Dannelly et al., 2011; Maté-Muñoz et al., 2014) .
However, the significant increase of 9% in chest press strength in the TRX-OldAge training group is comparable with previous findings in younger adults. These studies showed 4% to 11% improvements in chest press strength (Dannelly et al., 2011 , Maté-Muñoz et al., 2014 , Prokopy et al., 2008 .
The results for balance ability showed no significant differences between the two different training groups. To our knowledge, only one sling training study with older adults examined balance ability. After four weeks of training, older chronic hemiplegic patients changed balance significantly by about one point on the Berg Balance Scale . However, the improvements by cannot be compared with the quantitative measurements of centre of pressure in the study presented here. In younger participants, Kim et al. (2013) showed a significant sway speed reduction of 23%. Beyond that, after eight weeks of sling training, COP sway length for normal stance significantly decreased by about 30% (Park, Hwangbo, 2014) . In a study by Prokopy et al. (2008) , a 12-week sling training induced single-leg stance performance enhancements of 57% and 65% for COP sway area. To our knowledge, no sling training study examined tandem stance as a balance ability measure.
Based on the mostly not significant results, some limitations in respect of sample size, measures and intervention should be mentioned. As normal for a first pilot study, the sample size was too small, as power and effect size calculations have shown. Nevertheless, these values can be used for a priori sample size calculations for future studies.
Furthermore, a core stability measurement method should be integrated in the assessment battery, because there is only a small correlation between core stability and balance ability (Granacher, Gollhofer, Hortobágyi, Kressig, Muehlbauer, 2013) . However, reported increased core muscle activations subsequent to their sling training intervention. Due to the instable design of the implemented TRX-OldAge exercises, it could be assumed that participants of TRX-OldAge improve their core stability, but not their balance ability. Thus, sling training alone would not be sufficient to enhance the complex balance ability of healthy older adults.
To achieve leg strength and balance improvements, the difficulty and load intensity of the TRX-OldAge exercises should be modified or increased to focus more on balance or lower-body strength. One example could be lunges with the forward foot on a board between the foot cradles, as conducted by Schroeder et al. (2012) . The only study that reported balance improvements for older adults conducted bridging exercises (prone, supine and lateral) . Therefore, more exercises of this kind should be integrated in TRX-OldAge to enhance core stability and perhaps balance.
In conclusion, the new TRX-OldAge training programme can be used as a motivating alternative to improve functional mobility and upper-body strength in healthy older adults. In its current description, TRX-OldAge is probably more effectively applicable for more frail and old persons with first mobility limitations. For a further improvement of its effectiveness, TRX-OldAge could be modified to provide higher challenges for fit, healthy older adults, as in the sample of this study.
Based on the present results, it can be concluded that both strength training programmes -TRX-OldAge and an elastic band resistance training -induced similar effects on functional mobility, strength and balance ability in healthy older adults after 12 weeks of training.
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